METHOD AND MATERI ALS FOR REVERSE PATTERNI NG CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] None. BACKGROUND OF THE | NVENTI ON [0002] In the

m cr oel ecwoenilggtisadustry, the requirenents for increasedTaiSecwiossys for a
given chip size has driven to smaller half-pitch nodes in order to increase
t he process speed and inprove the chip efficiency. Mcrolithography

techni ques are key to reducing the size of structural features. The depth
of focus and resol ution depend on the nunerical aperture of the |ithography

apparatus and thgd_ 8bgggﬁ;kﬁgqéﬂ¢§ﬁ%ﬁég?@%*%ﬁ$%ggﬁﬁ¥ﬁ5¢ﬁk§es continue to

decrease in size, Tt IS particular pattern round via hol es
or contact holes into photoresists. As features get smaller and approach 50
nm and beéond in diameter this task beconmes extrenmely difficult to achieve

a snmootRPIUREHEHTENEEAQRESAS T APREIGHBINPi ate di mension in relatively

t hi ck ﬁbbNNQQ?%hOForESiSt' Therefore, alternative approaches to formng via
or contact 'holes in a nore etch resistant filmare desired. [0004] In this
invéntion a "reverse" patterning technique is enployed. The reverse pattern

t echni que invol ves using I St sts into the
phot oresi st instead of vﬁ%‘ﬁ%ﬁégﬁﬁﬁé?g?%ﬁﬁgﬁééﬁﬁﬁ$ﬁfate di mensi on of the
post '%OQ@HHEM&%ﬂkﬂ&ﬂ&ﬂmﬁkﬁ%Rh@ﬁﬁﬁhéknu&m§hhkﬁﬁﬁn&ﬁﬁkébﬁhﬂgymﬁkﬁgzgé I's

coated on top of the patterned pdost to cover the entire patfern.
appl i catipsize havidsiven ka goaller dslifpitcls nedasin edler v iacsatetbe prochstspedieand

phot or esi st i ot . uble.j.n. .After coating, the siligon cgntaining film
b1 barerpeals b eB Ry Eioyioarinng SrBdke i Gediq S grs Moottt and

sl i1ght | yru6tufs $datiks. t Tie deps Of fobik mr@s&aﬁﬁmaﬁaﬁd betheGhRric Sl apeette 0@ heand
can be perforned with sone activator under thermal or WV treatnent. In a

" r ever sghogsaptyepnpiagstapgithravaysiengdsef light order to transfer the reverse
patter r[0863]t&se fegtli]l?é sqgeesscloﬁ%imllqu%e&jggse in size, it is particularly difficult to pattern round

via holes or contact holes into photoresists. As features get smaller and approach 50 nm and
beyond in diameter this task becomes extremely difficult to achieve a smooth round shaped

15  viahole of the appropriate dimension in relatively thick film of photoresist. Therefore,
alternative approaches to forming via or contact holes in a more etch resistant film are
desired.
[0004] In this invention a “reverse” patterning technique is employed. The reverse pattern
technique involves using a photoresist to pattern posts into the photoresist instead of via

20  holes. After the appropriate dimension of the post is patterned using a photoresist, a silicon
containing material is coated on top of the patterned post to cover the entire pattern. For
application, this silicon resin is carried in a solvent that the photoresist is not soluble in.
After coating, the silicon containing film will be subjected to a low temperature prebake to
drive off solvent and slightly crosslink the resin. In some cases further cure is required and

25  can be performed with some activator under thermal or UV treatment. In a “reverse”
patterning typical process, in order to transfer the reverse pattern of the photoresist into the

silicon containing resin, two dry etching techniques are employed. The first etch step is to
use a reactive ion etch recipe containing CFy to “etch back™ the silicon resin to the top of the
photoresist material, exposing the entire top surface of the photoresist. The second etch step

30  1is to use a second reactive ion etch recipe containing O» to etch away the photoresist. An



silicon containing resin, two dry etching techniques are enpl oyed. The
first etch step is to use a reactive ion etch recipe containing CF4 to
"etch back 20hi@1s$i4Ri con resin to the top of the phot or epCIUSIEDABI4AS |
exposing the entire top surface of the photoresist. The second etch step is
to use a second reactive ion etch recipe containing Q2 to etch away the
phot oresi st. Analternative "reverse" patterning approach is to use a base

sol ubl e silicon material as will be described herein. In this alternative
appr oach E rst .et ste Q_use t tra de (
A e T e bR R S T b R

t he tome@éntieheleﬁmtItnrtﬁfs:la&brnaﬁtzeeappaéach,ethp@isstreg:htslf@ iend idee top surface of the
photoresist. The rest of the steps can be the same or slig htk% nodi f i ed

typi caltetrartbygmmpnanm Bydioxide § TVIAH) p other agiepus hasersalition (i gt drek” et h t he
si ze a%ﬂlc%pqgm En thEIch) HARL pﬂ&&%e steﬂﬂit Egogﬁlg thﬁ&&'hr& he, %Pﬂ&@&@rﬁ Lst. The

resul ting can used urt er tr e via e pattern onto
anotherphordré¢ditalThe asseot theeuaspac;etba/ﬂle karhédrer dliphilg alodificegpisalprpatst. diei ng
process, %éhe alfernati verse" patterning process is much easier to

pat t er A¢ ajsylicgn Kesi %%gf@m heles w totestndshiRe Pribeees U5t 36des a way
to pat Cp%&&-n@d 6 ﬁleeﬁh%tbrésefﬁ' gheisuftink ARtaA YL th§SAsfP AR i hQENat i ve

appr oaches 0005] In order for a S|I|con containing material to be useful
i n al t grartertni cmeo armﬂmrseltlpdtlam nCngppaietl withsthe hypatal Sevensell pattemleg pacesirst, it

t b d t h hol t hat th
ot o raE Ml gife o Red pifhing el AR 0o G o8 PR Ao BFEutiy cur ed

by 1oul tyiPh&le WKi€ prREQGHEYIHE AlvhPW pddterd NeotOEBRidsRnetilis6 &siftaifiABRASA t i ONS
that can be etched by different” etch nethods such as aqueous bases, CF4 and

CE Addh@i@ﬁ%mmy@aphﬁad@ﬁed resin conposition nust be soluble in TMAH to

e Sl.{.1 con eS| n .t (0] otoresi st nmaterial,
xpost rOPah Sriet 18 51 GPrkERh ik bR Bl MRl PR B

has beanmhounett kbatal caitdrial Pirg it BRSObE @XaALInreDlveat fRBtas Taﬁl e@nﬁraléoabl a.
BRI EF SUMVARY OF THE | NVENTI ON [ 0006] This invention pertains to the use of
si | ses cﬂlileg}@éﬂ@t ];h@gqhﬁtoc@/%‘gﬁ ot spheble Hi. Fﬁe@g@fgy,ﬂ@must be capable of being cured by

15  multiple cure methods to allow for the formation of select compositions that can be etched by
different etch methods such as aqueous bases, CF4 and O,. Additionally, the cured resin

composition must be soluble in TMAH to wet “etch back™ the silicon resin to the top of the
photoresist material, exposing the entire top surface of the photoresist during the process. It
has been found that certain silsesquioxane resins meet these criteria.
20
BRIEF SUMMARY OF THE INVENTION
[0006] This invention pertains to the use of silsesquioxane resin compositions in producing
patterns on a substrate, typically an electronic device. In this process one starts with a
substrate having a patterned photo-resist layer thereon. The silsesquioxane resin is applied
25  over the patterned photo-resist and cured at the pattern surface to produce a cured
silsesquioxane resin on the pattern surface. After coating, the silicon containing film will be
subjected to a low temperature prebake to drive off solvent. In order to transfer the reverse
pattern of the photoresist into the silicon containing resin, two dry etching techniques are
employed. The first etch step is to use an aqueous base solution to wet “etch back™ the

30  silicon resin to the top of the photoresist material, exposing the entire top surface of the

photoresist. The second step is to use a second reactive ion etch recipe containing O; to etch
2



patterns on a substrate, typically an electronic device. In this process
one starts with a substrate having a patterned photo-resist |ayer thereon.
The sil sesquooxamsa2resin i s applied over the patterned poDiUS201098%1H5 and
cured at the pattern surface to produce a cured sil sesqui oxane resin on the
pattern surface. After coating, the silicon containing filmwll be
subjected to a |l ow tenperature prebake to drive off solvent. In order to
transfer the reverse pattern of the photoresist into the silicon containing

resin, awa tﬁje éh%&r%smtqg Vn[? ¢ %Isﬁye%ael xa,ne e 1n ggxesyﬂ?s a s1 1§on I‘%glﬁr}lh%t Ft)h ' tsht 0

use an aqueousS base soO Fcon resin to
top of altteolettme@fzesth&tshmtoeltheqtost &mp@smr}gttéﬂﬁed a1 tHeQ)thJ@esiqu’ frae eesoftinghe
photore5|st The second step is to use a second reactive ion etch recipe
cont ai il ﬁ?gcaehedlset orahg tfarlt‘éfeb Histér Belp attera gpiamothse cafital éyghi oxane resin.
The result is a silicon resin filmwth via holes the size and shape of the
post that were patterned into the photoresist. The resulting filmcan be
used to further transzRIEPHBES«CRIPRﬁTI@I‘{)@FtHﬂE DRAWINGSt her critical |ayer.

BRI EF I O: THE. DRAW NGS 7 ure 1 represents.the process
st eps EE&SQ l%‘ﬁfﬁ af%rﬁfetnésrthe BFPCSSS%Q?LSP?g‘FLi H@“f‘én Badsukyifysing ab bdse

Si | sesqui @xafiRed ?dx'anéll%'sfﬂglsﬁl ehbedq of VBB heferR@k!t er ning. DETAILED
DESCRPTI ON OF TIﬂE 0008] Disclosed herein is a sil sesqui oxane

resin conprised of the unlts (I\/bSlO(B x)/2 (OR) x)m(RSIQ3_x)/2 (OR) x
)n (R1Si (3 x)/2(CR'ZQ€.% HTE?EEKE Tf%'?‘g ‘{}I?IB SiqA3 _x)/2 (OR)
x)q where Ph is a ph R g@%ﬁﬁbﬁ)& I ?E i s hydrogen atom
or 13 hydoesiaphemsed RéBinhaY isil@sduioxant rédn dofpfideant aleaBis R is an anhydride
contai ning group such as a 3- succinic anhydride propyl group, and Ris a

hydr ophi lic (Mdsulp(3%/2@()Ihyg)qrpphobl c group; and s
(RSi03.x)2(0R")x)p
(R'SiOGx2(0R)x)o
(SiO0@uxy2(0R")x)p

15 (Ph(CH2)sS10(3-x)/2(OR")x)q
where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a hydrocarbon
group having from 1 to 4 carbon atoms; R is an anhydride containing group such as a 3-
succinic anhydride propyl group, and R1 is a hydrophilic group or a hydrophobic group; and s
has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin m has a value of

20 0.1t00.95, n has a value of 0.020 to 0.5; o has a value of 0 to 0.5; p has a value of 0 to 0.95;
qghasavalueofOto 0.5andm+n+o+p+q=1. Typically m has a value of 0.1 to 0.95,
alternatively 0.2 to 0.85. Typically n has a value of 0.020 to 0.5, alternatively 0.025 to 0.2.
Typically o has a value of 0 to 0.5, alternatively 0 to 0.15. Typically p has a value of 0 to
0.95, alternatively 0 to 0.75. Typically q has a value of 0 to 0.5, alternatively 0 to 0.20.

25 [0009] R’ is independently a hydrogen atom or hydrocarbon group having 1 to 4 carbon
atoms. R’ may be exemplified by H, methyl, ethyl, propyl, iso-propyl, n-butyl, and tert-butyl.
Typically R’ is H or methyl.

[0010] In the above formula m + n + o + p +q = 1, however one skilled in the art would

recognize equals (=) means approximately equal to (=) because silsesquioxane resin may also
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has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the
resin mhas a value of 0.1 to 0.95, n has a value of 0.020 to 0.5; o has a
val ue of wot2e11d1bt42p has a value of 0 to 0.95; g has a varws2a0/08041H 0.5
and m+n + o0 +p+qg=1. Typically mhas a value of 0.1 to 0.95,
alternatively 0.2 to 0.85. Typically n has a value of 0.020 to 0.5,
alternatively 0.025 to 0.2. Typically o has a value of 0 to 0.5,
alternatively 0 to 0.15. Typically p has a value of 0 to 0.95,

al ter (r)]%tfh%/ ?l %6%@1} gﬁguntg(l e. -ll_é( I‘dga dﬂ qofké?l&ﬁ% &Y U wh hOthC gltﬁergyr l%l Eer natively

0to i'si'ndepen gen at ocafbon group
havi n ) d th
propy?ong%l%?%lg PQﬁﬁ&Eﬁ%ﬁP(&%ﬁ er ut§p£h%bﬁanﬁ$dm£f§%pX 8& n%thyl

[0010] ﬂu'ihﬂep @f Sieoshdh QLW @e %r'fod@ fﬂ'ct@rs"[n%lx”'ecﬁn'thér fRUBNEIn P aRdflidd. €d TN
the art would recognize equals (=) neans approxi mately equal to (~) because

si | sesd00bNah e anewhpdmdeycoatasmog gtaaipnEsanspled on anydride ¢ontaningessupshan 109 of
sili.con_at ,__Whi.ch have either 0, 1 or 2 oxygen atons attached thereto
(the réﬂé?%?%ﬁu%?ﬁﬂﬁmﬁgpﬁ PR#Yph, R or R) or a small nunber of SiC bonds
due to the various factors involved in their formation and/ or handl i ng.

[0011] R is an anhydride containing group. Exanples on anhydride containing
groups include 3-sucl nic anhydri de propyl, 2 and others, wherein Ris

sel ected from gn allphatlc | i nkages mn h 0 carbon atons. [0012] Ris a
hydr ophiTT8 g 3 hydrophoch.gﬁ E.y S selected to tailor the
hydrophlicity icity of the r

exenplified by Xbut

v drophilic groups may be
ffot limted to, substi ed phenyl groups, ester

groups, pol yether ar g

contain at |east one”™HO, MO, Me-, Et-, & -, and/or other substituents.

gups, and nercapto gr ogps. Substituted phenyl groups
Est er S ma Ay o i subst ont ai. at | east one ester
funct i %ﬁaﬁpﬂws DS Ro AT o SR EAMEL Y O SHI 2boh S5, ONS, SSLer
and -(CH2 )2-C(O)- Cwb. Pol yet her groups_ are an organi ¢ substituent having
hydr oc 4P Ry nistadrydrophilic group or a hydrophoblc group and is selected to tailor the

10 hydrophlicity/hydrophobicity of the resin. Hydrophilic groups may be exemplified by, but
not limited to, substituted phenyl groups, ester groups, polyether groups, and mercapto
groups. Substituted phenyl groups contain at least one HO-, MeO-, Me-, Et-, CI-, and/or

other substituents. Ester groups may be any organic substituent containing at least one ester

functionality. Examples of ester groups useful herein are -(CH»),-O-C(O)Me and

15  -(CHjp)»-C(O)-OMe. Polyether groups are an organic substituent having hydrocarbon units
linked through oxygen atom, represented, but not limited, by the following structure:

-(CH),[O(CH2CH2)p]:OR’, or -(CH2),[ O(CH>CH(CH3))p]cOR’, whereina=2to 12; b= 1
to 6; c =2to 200; R’ = H, -C(O)CHs, alkyl, or other organic groups. Examples of polyether
groups useful herein are -(CHj)3-(OCH,CH»).-OMe, -(CH»)3-(OCH>CH»).-OH and

20  -(CHjp)3-(OCH>CH»)7-OAc and -(CH»)3-(OCH,>CH»).-OC(O)Me, and
-(CH»)3[O(CH,CH(CH3))].OH, -(CH»)3[O(CH,CH(CH3))].OCH3. Mercapto groups have

the general formula HS(CH»),.. where s is as described above. Examples of mercapto groups

are mercaptopropyl, mercaptoethyl, and mercaptomethyl.



| i nked through oxygen atom represented, but not limted, by the follow ng
structure: -(CH2)a]Q CH2CH2)b]cOR, or -(CH2)al] O CH2CH(CH3))b ]cOR wherein
a = 2 towdob/im2to 6; ¢ = 2 to 200; R = H -C(O CH pcalusgéro/osr1dt her
organi ¢ groups. Exanples of polyether groups useful herein are
-(CH2) S- (OCH2CH2 ) G- Owe, -(CH2 )3-(OCH2CH2 )C-OH and - (CH2 ) 3-(OCH2CH2
)7-0Ac and -(CH2 )3-(OCH2CH2 )c-0OC(O Me, and -(CH2 )3[ O( CH2CH( CH3) )] COH,
-(CH2 )3[0(CH 2CH(CH3) )] COCH3 . Mercapto groups have the general formula

ror captl Sl ElRTL R R RS FelskBREPRLS: LR AR e0n PR S BHBL ¢ or oups

may be @xeifhg iiledahons, biytloll@;ﬁhaht: e, fludrindlcbidbmin Calphotipgroapy) fabiiheig 1- 10
carbons, cycloaliphatic groups, fluorine containing aliphatic groups,
f1 uori ﬁ@nm@&ml%lpbw HarPS Haamp Iegras i Bhatie,gionsIs ase gt NPT oups

useful . , r of

cycl oal'| hgé clﬂlré olﬁg@ﬁﬁ% r%xlahﬁ)géf%eoq%{:}g?lg%%ﬁ% ﬁ({uﬁ%@%{eﬁoﬁha& gl%g‘lﬁr@glt’l tuted
cyc 150pe:ytlyohexﬁmmtmeﬂegclopmtyihmbyhtut@caztﬂmhex;df Ekbhmpleiaf éluoﬁnd& eomainggal kyl
groups ful hereinis 3, {,;% {:3 trifl uo ropyl. [0014] Exanples of resins
usef ul éF?PPFerB CELBADSD téléluBSPPf “not limted to: (MeSiO (3.x

) 1 2( OR [ho 14 = BRHRR! ﬁr@ﬁﬁ‘sﬁ%eﬁ%&nﬁn&@%@@xenﬁﬂﬁeﬁ%& h@ not flmﬁe&l?cf' vative with
an open structure MeSI O (3 _X X) 0. 45( RSi X )/I2(0OR) X

) 0. 05( SMASFO%) AR (CRR R its derlvatlve Wlth an open
struct §re I\/Eé ’éﬁ% )})())é?mm%,ﬁ/zfo 08)8/&% 1Q(3 x )/2(OR) X

)0.05(Si (4-x)/2(OR )x )o.75 R=anc /or its “derivative with an open
structure 3 (OR) x )0.80(RSIO (3 _x )/2(OR) x )o.05(PhSi O (3
X )/I2(OR) x )o.75 vvhe ein in the above resins R is Me or H [0015] One
net hod for produci i | sesqui oxane resin involves the hydrolysis

and/ or gendensat idn op t heoam/(qgfsl@heatwel Wiiliesn ofdh dchic@rdet hod it is
possi bl e that residual -OH

10 MeSiO3.x)2(0R")x)0.45(RSi03_x)2(OR")x)0.05(S10@-x)2(OR)x)0.50

. 0”070

and/or its derivative with an open structure

MeSiO3-x)/2(OR")x)0.20(RS103x)2(OR*)x)0.05(S10w4-x)2(OR")x)0.75

A
R - 0”070

and/or its derivative with an open structure

MeSiO(3-x)/2(OR*)x)0.80(RSiO3-x)2(OR*)x)0.05(PhSiO3.x)2(OR)x)0.15)

15 R-= o- 0o 70

and/or its derivative with an open structure

wherein in the above resins R’ is Me or H.
[0015] One method for producing the silsesquioxane resin involves the hydrolysis and/or
condensation of the appropriate silanes. By this method it is possible that residual -OH
and/or -OR’ will remain in the silsesquioxane resin as a result of incomplete hydrolysis or

20  condensation. If the total amount of units in the silsesquioxane resin containing —OR’
5



and/or -OR wll remain in the silsesquioxane resin as a result of

i nconpl ete hydrol ysis or condensation. If the total anmount of units in the
si | sesquiwgana/mneszn contai ning - OR groups, exceed 70 mpCaeXStéeniges | ati on
and instability of the resin may occur. Typically the silsesqui oxane resin
contains 6 to 60 nol e% of units containing -OR groups, depending upon the
synthetic routes. [0016] The sil sesqui oxane resin has a wei ght average

nol ecul ar weight (Md) in the range of 500 to 200,000, alternatively in the
range of 500 ¢ 0 | t tivel.y 1.n0:Lh an f 700 tp 3 as
et or el ey <Ged "publids o IR AR U 2 APETR Bl e BRC

pol yst wilesquisk amd@sid Tonta9 bidb 60Meolsdl f @ascaxand g ER Nerowpst Ydpebdihky
produced in the presence of a solvent. Any suitable organic or silicone
sol ventUPPR#C YHEStiREUtRont ai n a functional group other than al cohol which
may parhhd | ] 0L ys] / L i e used
in pro B‘():fdr]gﬁfte ﬁsgg%ﬂﬁlgg%%lggggﬁih §vggﬂggve$§équ§qé%§ﬁ§gﬂtg@ﬁgfgﬁ tﬁ§ru égpi n an
anotnt 500 t4Q200,600Q81tamiagirily pethe emigelvd S6d tao MO, b)), hlndrahtiweby mithe afngs of V@éht and
silane r ts, alterpatively 70 to, 90 wei ght percent. The reactjion nmay
be. car 1P af 0800 asderEmi DY #HAPETRTAISN FRIOPATRN YR BN E R HTiSFH WAy

or gani 6,3k MeM SadMdisbe exenplified by, but not limted to, saturated

al i phat'i ¢cs 'such as n-pentane, hexane, n-heptane, and isooctane;

cycl oal[PPKHAt Thessilsesghioasnecygsih apeypicalle prddeasliol thhpiesanee ofia ovtmeritcd\nyuch as

b . t.ql [ i tyl - et her. . t et dr.of

o orenauitaf BFe ahSRBRe sl E0Gmot SR RE TS Lo PR o Hlspha,
keg«a{l_etsw}?alghla?@aﬁmﬂwé inSROBYArblyKie taRdyesr Chhdlatidesdtioh B&in hal ogen
supbstitute a

~al kanes such as trichl oroet hane; hal og_enate aromatics such as
br onmob enedusengthel sidieboroan zesiie  Thesplvent is generally weepyreamogityt 40 talBhonet hyl

et her acetat (%\/I;Az; 1S L. | rate a [ | .onate. cohol s
such as""‘“ﬁé@ﬁ%{ﬁ%ﬁf Sthah %ﬁeﬁ&éﬁlﬁe}g@ ﬁ%?st)é:l%ﬁl g%r}d %Efé{? Eﬁa&%}{‘isi @%ﬁ@ausv Sﬁv@nt ?lo may be
exenpl ividigit peycenbhUrheneictionmdyelst dagricly@ltias a dubiphases siddphsse system.

oct anmet hyl cycl gt etrasi | oxane, and decanet hyl cycl oPent asi | oxane. A single
sol ventl© Useful organic solvents may be exemplified by, but not limited to, saturated aliphatics

15  such as n-pentane, hexane, n-heptane, and isooctane; cycloaliphatics such as cyclopentane
and cyclohexane; aromatics such as benzene, toluene, xylene, mesitylene; ethers such as
tetrahydrofuran, dioxane, ethylene glycol diethyl ether, ethylene glycol dimethyl ether;
ketones such as methylisobutyl ketone (MIBK) and cyclohexanone; halogen substituted
alkanes such as trichloroethane; halogenated aromatics such as bromobenzene and

20  chlorobenzene; esters such as propylene glycol monomethyl ether acetate (PGMEA), isobutyl
isobutyrate and propyl propionate; alcohols such as methanol, ethanol, and isopropanol.
Useful silicone solvents may be exemplified by, but not limited to cyclic siloxanes such as
octamethylcyclotetrasiloxane, and decamethylcyclopentasiloxane. A single solvent may be
used or a mixture of solvents may be used.

25  [0019] The reaction to produce the silsesquioxane resin can be carried out at any temperature
so long as it does not cause significant gellation or cause curing of the silsesquioxane resin.
Typically the reaction is carried out at a temperature in the range of 5 °C to 150 °C, with 15°C
to 110 °C suggested.

[0020] The time to form the silsesquioxane resin is dependent upon a number of factors such

30  as the temperature, the type and amount of silane reactants, and the amount of catalyst.

Typically the reaction time is from several minutes to several hours. One skilled in the art

6



used or a mxture of solvents may be used. [0019] The reaction to produce
the sil sesqui oxane resin can be carried out at any tenperature so |ong as
it does D 20muBeE143i gnificant gellation or cause curi ngPoff/ush@0/039415

si | sesqui oxane resin. Typically the reaction is carried out at a
tenperature in the range of 5 0Cto 150 0C, with 150C to 110 OC suggest ed.
[0020] The tinme to formthe sil sesqui oxane resin is dependent upon a nunber
of factors such as the tenperature the type and anDunt of silane

react antl?l be %ge to rgacfalmd'éper?l?rh e th& 1%6%%&6%;}(\//9? %H)l ettﬁe rea Ct h%{]dbéatz{fe tse S f rom

sever al €s to our s

readi | mhﬂeﬁzgﬂm wed tdheacllitire theaeasidaliyclide, 6ot abeimhhel troem@rﬁd id, sAFufic
catalysts that may be used to facilitate the reaction include, but are not
i mi t edicido Sulfini¢ acdd.duepchiagicragid, acedigiagid. angl theris cB%\Séucatalyﬁgﬁdh%myObq wedeid,

acetic t@‘%éc‘?htlaégﬂe f&@t‘?&ﬁncl‘ﬁéé %u?élte%i/gh&e& RAL oA lﬁ%ac?kg HBQ @i ltate the

reaction inc are not lim t sodi um pot assi um

hydoxi ldzdromcﬂas r:«:smurh jngldl@x1ddetet1’amtﬂlarmtmgmanrrrhydraxmm ;Bt[itabua:l}/ﬂmmomum
t et r abut ni. um_hydr oxi de, triethylam ne, anong others. [0021] Fol |l ow ng
conpleﬁp% X3¥DPH%h¥ HFi@Hmﬁﬁgkﬁﬁtalyst may be optionally renoved. Methods

for T ey NadieifAldhMBtorPsianU Rt idi@MRab st gy B bp@idiyRuhdldynct ude

neutralization, stripping or water washi ng or conblnatlons t hereof . Large
anount sl\/loﬂ‘rlowoarwvnmgshemegatst melwelll lnma»mtmtﬂtfearsm wouldfieclede t he silicone
resin es LaII en in solution thus its re ested 0022] In

the pr Jeaadigor. KTRARE PEEY Vading sapahiion: ere&f tg?rgf OPREC ff%ﬁly

conpl etrﬁ Nedhavdly afpatRyhel@el fDyEHe kiliethd R6in Tk RIGUIIRBRAA BoluBSH thus @k Ut i oNn
under reduced pressure. Such volatiles include al cohol by-products, excess

wat er, léﬁmaﬂy%ﬂ@ghyﬂiochlorlc acid (chlorosilane routes) and sol vents.
T
si | sesquilaangay BStemoded Gishethe @ﬂse@@hbm’mahes‘iﬁ eqdstion under reduced pressure.
Such volatiles include alcohol by-products, excess water, catalyst, hydrochloric acid
15  (chlorosilane routes) and solvents. Methods for removing volatiles are known in the art and
include, for example, distillation.
[0023] Following the reaction to produce the silsesquioxane resin a number of optional steps
may be carried out to obtain the silsesquioxane resin in the desired form or desired
concentration. For example, the silsesquioxane resin may be concentrated by removing the
20  solvent. The method of solvent removal is not critical and numerous methods are well known
in the art (e.g. distillation under heat and/or vacuum). Once the concentration of the
silsesquioxane resin reaches to a certain concentration, the resin can be diluted with the same
or another solvent for a particular use. Alternatively, if a different solvent, other than the
solvent used in the reaction, is desired for the final product, a solvent exchange may be done
25 by adding a secondary solvent and removing the first solvent through distillation, for
example. Additionally, the resin concentration in solvent can be adjusted by removing some
of the solvent or adding additional amounts of solvent.
[0024] Also disclosed herein is a method for forming a pattern on a substrate wherein the
method comprises
30 (I) applying a coating composition over a first patterned material wherein the coating

composition comprises



may be carried out to obtain the silsesquioxane resin in the desired form
or desired concentration. For exanple, the silsesqui oxane resin nay be
concent r avedotwoinaovi ng t he sol vent. The nmethod of sol pemtUuse@ndssisi s not
critical and nunerous nethods are well known in the art (e.g. distillation
under heat and/or vacuun). Once the concentration of the silsesquioxane
resin reaches to a certain concentration, the resin can be diluted with the
sanme or another solvent for a particular use. Alternatively, if a different

sol vent, other_than the | vent us i-n. the reaction, is desired for the
final produgﬁ,a%ﬂ%%lg%%?§g¥%h%ﬁn]%%gfkgglﬁgﬁe by addi ng a secondary sol vent

and renovin Qﬁo ir |wvent through distillation, for exanple.
Additionallgp&t e&P%éﬁ%§§8ﬁbentration in solvent can be adjusted by

removi ng son§§q§ t he, sol vent or addi ng additional amounts of sol vent.
[ 0024] Al so GPBe¥ePheérein is a nethod for formng a pattern on a
substrate wherein the nethod conprises (1) applying a coating conposition
over a firsﬂRﬁ§£k£ﬂ@@HRﬁdberial wherein the coating conposition
conprises(i) a silsesquioxane resin conprised of the units (MeSi (3 _x

)/ 200R ) x )BQERSWB ) )/2(OR) x )n (RISiQ(3_x)/2(OR) x )o
(SIA4-x)/2(OR) x )p (Ph(CH2 )sSIi3 x )/2(OR) x )q where Ph is a phenyl

group, M iSPﬁ«HQDHMDch@WDRUBM i s hydrogen atom or a hydrocarbon group
having from1 to 4 carbon atons; R is an anhydride containing group such as

a 3-succi ni cwvlamhPhlis deghepybgphip.gvleiys mathgl Roup; B’ ishgdiogbn htom graoup or a
hydr ophobi ¢ group; and.s has .a valye of 0, 1, 2, 3, or 4; x.has a value of
0, 1 oﬁﬂyg‘,ro OPEFoHR Vg B R hFhee 4prhsR s aafangv.dfld{ﬂﬁoet.a%{lg HOHBs a val ue

of 0. 0259101& 8 a0 3—5si.lcc?nig %r?h;%ri\églplfloepy?fgro%p:[ z?ndOREi.s aqug?osphﬁic group or a hydrophobic

10 group; and s has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin m
has a value of 0.1 to 0.95, n has a value of 0.020 to 0.5; o has a value of 0 to 0.5; p has a
value of 0 t0 0.95; q hasa valueof 0 to0.5and m+n+o+p+q=1;

(ii) a solvent for carrying the resin such as an alcohol or an ether;
(iii) optionally, an activator such as a thermal acid generator, a photo acid generator,

15  an amine crosslinker; and
(IIT) curing the coating composition to produce a cured silicon coating on top of the first
patterned material covering the entire pattern
(IV) partially removing the cured silicon coating to expose the top surface of the first
patterned material;

20 (V) removing the first patterned material thereby forming a second patterned in the cured
silicon coating; and

(V1) optionally, further transferring the second pattern onto any underlayer.
[0025] The coating composition typically contains a solvent. The solvent should be one that
does not dissolve the patterned coating. Useful solvents include, but are not limited to, 1-

25  methoxy-2-propanol, 4-methyl-2-pentanol, propylene glycol monomethyl ethyl acetate, y-
butyrolactone, and cyclohexanone, among others. The coating composition typically
comprises from 10% to 99.9 wt% solvent based on the total weight of the coating

composition, alternatively 80 to 98 wt %.



value of 0 to 0.95; g has a value of 0 to 0.5 and m+ n + o0 + p + q = 1,
(ii) a solvent for carrying the resin such as an alcohol or an ether; (iii)
opti onal Iwp 2ant/act42vat or such as a thermal acid generat ecT/is2phosaisci d
generator, an amne crosslinker; and (I11) curing the coating conposition
to produce a cured silicon coating on top of the first patterned materi al
covering the entire pattern (IV) partially renoving the cured silicon
coating to expose the top surface of the first patterned material; (V)

removi r[ﬂ%%g ﬁ‘ﬂcei crog‘}i%%gbtntlpegsﬂleo% igrgé@{eifi%ln a%sbl ¢ a]l?%/ I;/%V%{;%r ?%te?’n ﬁlee%eoo?ld é[r%/?}ctaﬁr ned in

t he cure I'con ating; and optiona er transf |ngythe

second tpatdtstrite 9Nd Gendibyndiidthe e ay€ rsuc &02BdonThiged datidad @ne @ISR dricdide-
typically contains a solvent. The saolvent should be one that does not
di ssol \Rasedeviras ienied feigueiihbie nuwfasturs f § spisondHStQFeMPBIgNt ad ¥PiseH Y-

limte ":E‘?ﬁr}r 185 - - 10l ne gl ycol
m)nome'(tj[ h%/?evé%ehg/l agg%(agtléspél?&%% %ﬁngl% 8@%@%& aé%%%%ﬁ@hoeffg{ﬁgn ,e &am)ng

ot hér s.comtpeismaataiings codpabiet seomcdnductad, oy insolapng sagrifatsom 10% to 99. 9 wt %
sol vent on the total weight of the coating conposition | ternatively
80 to JO0EN *Shelipusarore Spikprdlsiadhss f Bk BRRipTegR %ﬁéf&h@%ég?% e

havi ng Pphéd ﬁrﬁirﬁlltﬂéﬁfcﬁqu} icEﬁYPih‘é%'a{té’rnEc‘Pﬁhc?tH&%"s{ REGmed ReSEMARRAMLGEOT

devi ce, such as sili con-}t))ased devices and gal | i um ar seni debased devi ces

i nt endedafing whish i§ formhe onerrufaadmankers séenaindagrre d nMshads foompdyiegthe

Typi cal | t he device .conprises.at |easi one sem conductive lLayer. and a

of U o 1Y togi gy Ry B SRR ne BrrpRoay e coRuGo R et s BRI e, or
i ngol atpr&glcn%@m@hﬁn thQ?H&breIifaﬁlapa{a&@al@o Riowh e heritconduct or device is
typi cal Igz ah'181 otoresist [ayer that has been applied and patterned.

Typi cal[P§28]Hherapting epsepqsHivnmpdenally qosmpriseshartacsiyator.salegist iffoat theamnilv e

;BS‘T ;?gagcYé{]%engraitosr, ; 815&8 gcig\fg%ﬁergtop,%'hda%ﬁg croustikED 'f.'yq)i(!éillg%eeac%i'vatlgﬂshOds for

present in the coating composition in an amount of up to 20,000 ppm, alternatively 10 to
10,000 ppm, based on the total weight of the coating composition.

15  [0029] A thermal acid generator is a compound which is capable of generating an acidic
moiety when heated, e.g., during the baking step or the resist flow process. Thermal acid
generators can be nonionic thermal acid generator, ionic acid generator or polymeric acid
generators. Exemplary nonionic thermal acid generators include but no limit to cycichexyl p-
toluenesulfonate, menthyl p-toluenesulfonate and cyclohexyl 2,4.6-tritsopropytbenzene

20  sulfonate, nitrobenzyl esters, benzoin tosylate, 2-nitrobenzyl tosylate, tris(2,3-
dibromopropyl)-1,3,5-triazine-2,4,6-trione, the alkyl esters of organic sulfonic acids, p-
toluenesulfonic acid, dodecylbenzenesulfonic acid, oxalic acid, phthalic acid, phosphoric
acid, camphorsulfonic acid, 2,4,6-trimethylbenzene sulfonic acid, triisopropylnaphthalene
sulfonic acid, 5-nitro-o-toluene sulfonic acid, 5-sulfosalicylic acid, 2,5-dimethylbenzene

25  sulfonic acid, 2-nitrobenzene sulfonic acid, 3-chlorobenzene sulfonic acid, 3-bromobenzene
sulfonic acid, 2-fluorocaprylnaphthalene sulfonic acid, dodecylbenzene sulfonic acid, 1-
naphthol-5-sulfonic acid, 2-methoxy-4-hydroxy-5-benzoyl-benzene sulfonic acid, and their
salts, and mixtures thereof. Ionic thermal acid generators include but not limit to
dodecylbenzenesulfonic acid triethylamine salt, dodecylbenzenedisulfonic acid triethylamine

30  salt, sulfonate salts, such as carbocyclic aryl (e.g. phenyl, napthyl, anthracenyl, etc.),

heteroaryl (e.g. thienyl) or aliphatic sulfonate salts, preferably carbocyclic aryl sulfonate

9



photoresi st, antireflective coating and hardnmask | ayers are known in the
art. Methods for producing a pattern in the photoresist |ayer are al so
known i n wbeorart1114p0028] The coati ng conposi ti on opti on&Ciryusecanjpsd4ses an
activator, selected fromthermal acid generator, a photo acid generator, an
am ne crosslinker. Typically the activator is present in the coating
conposition in an anount of up to 20,000 ppm alternatively 10 to 10, 000
ppm based on the total weight of the coating conposition. [0029] A thernal
aci d gener [ LS a nd whi i pahl f ner.atin n..acidic

ot et o a8 o R TRE SR MILGPRLE SRPRT T8k BRORRE IR

pr oces scan bB@hssti@acidbrgebtitatdbg fonskaapld)@nt onmerd sfydedxyacptibrganer at or ,
ionic acid generator or f0| meric acid generators. Exenglary noni oni ¢

t her malsuhetjteted alkak appraliymebtifetcd atkeny: pptianally substigiteshalkgy; optionally

t ol ue ' lo B : ' -1.6 i
opr opy] o Rl bR Dot R T Ry ity S tned
2- nist r ataghthyl, opienallgtsebstituted gidhBeene and the like; optionally substituted aralkyl such as

di bronmopropyl )-1,3,5-trjiazine-2,4,6-trione, the alkyl esters of organic
sul f oni®2! g‘i“q%,opb_?‘&ﬁ?@egﬁh%tﬁw?g hPeyhen the Jikgays %&ﬁ&éﬁ&@ﬁfftawﬁc acid, oxalic
aci d, & b&aBCbthet@BARRPRE boupEpferfATRIARS ¥lib RInGs 80X ring members

2,4,6-trinethyl benzene sul'fonic acid, triisopropyl naphthal ene sul fonic
aci d, Saphthrmaganddieredgo Suleferpdtema sua, as Sosmbifinyl s@lindylyl,ysadyld pyrazinyl,

2, 5- di met.hyl | f ani id, 2-nitrgb |.f oni i d
2 TR AR S L M S SRR S ST
2- flbuor&ﬁﬁdlhﬁékélgféhﬁlﬁ@r@ﬂﬁ@angﬁ ledtRuhly8ropGadyl, gqﬂﬁﬁ%yl,bﬁez;ﬂmn@tﬁymnh@mg@i d, 1-

napht hol - 5- sul f oni ¢ aci d, met hoxy- 4- hydr oxy- 5- benzoyl - benzene sul fonic
acid, amdothess.r salts, and mixtures thereof. lonic thernmal acid generators

i ncl ud Lim .t ec nes onj } i-et hyl am sal t,
dodecyﬁggﬁgégggggﬁn¥%ﬁ%%a§%gﬁa%%?éﬁ%&ﬂ%ﬁ@#%(fgﬁ%égég?%%hgggxggﬂ¥gﬁ %ﬁ%h as
car bocyehdnGxabied t§ €1V .e. iyl thalbakinpydtep anthBiaae fAyly, prédess.) Phdiehadoar yl

(e. 0. thienrl),or aliphatic sulfonate salts, preferably carbocyclic aryl
sul f onateagafarsinclyge slhide pyd epigay YPoEIBPBWHs e R0 peig egndatosy ingludghut arppe

?g:ﬁg%@% ?ifeh,it%g #e d@y&féﬁg rﬂgﬁ&(;ef ﬁ%%gﬁ%rg@l?bsgg%t?,ﬁgﬁﬁy otedeRhmpiiitdibit ed by,
diphenyl iodide hexafluoroantimonate, diphenyl p-methoxyphenyl triflate, diphenyl p-
toluenyl triflate, diphenyl p-isobutylphenyl triflate, diphenyl p-tert-butylphenyl triflate,
triphenylsulfonium hexafluororphosphate, triphenylsulfonium hexafluoroarsenate,
triphenylsulfonium hexafluoroantimonate, triphenylsulfonium triflate and

20  dibutylnaphthylsulfonium triflate.
[0031] An amine crosslinker is a compound which is capable of generating amine when
heated or exposed to UV, e.g., during the baking step or the resist flow process. Exemplary
amine crosslinkers include but not limited to glycoluril-formaldehyde resins, melamine-
formaldehyde resins, benzoguanamine-formaldehyde resins, and urea-formaldehyde resins,

25  N,N,N,N-tetra(alkoxymethyl)glycoluril, N,N,N,N-tetra(alkoxymethyl)glycoluril, N,N,N,N-
tetra(methoxymethyl)glycoluril, N,N,N,N-tetra(ethoxymethyl)glycoluril, N,N,N,N-tetra(n-
propoxymethyl)glycoluril, N,N,N,N-tetra(t-propoxymethyl)glycoluril, N,N,N,N-tetra(n-
butoxymethyl)glycoluril and N,N,N,N-tetra(t-butoxymethyl)glycoluril. N,N,N,N-
tetra(methoxymethyl)glycoluril is available under the trademark POWDERLINK from Cytec

30  Industries (e.g., POWDERLINK 1174).
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substituted al kyl; optionally substituted al kenyl; optionally substituted
al koxy; optionally substituted carbocyclic aryl e.g. optionally substituted
phenyl , opOi2ona@lthpy2substi tuted napht hyl, optionally sub®Cirtust@doanthr acene
and the like; optionally substituted aral kyl such as aral kyl e.g.
optionally substituted benzyl and the |ike; and optionally substituted

het eroaronmati c or heteroalicyclic groups preferably having 1 to 3 rings, 3
to 8 ring nenbers in each ring and from1 to 3 heteroatons such as
fﬁ?gﬁ;:[ﬂy%ﬂ 52) % n,le%{ods fg%/ ziﬂpﬁixatio d%f;cgﬂ na¥1n¢Fr g%Posinhg% eOnﬂZl% ulys rateeXcluc?el yl,
benzot udainot Ilﬁﬁﬂ’ealftydpmfdd)l’aﬁﬂg(|d,1p—t:@dti’n§hs4ﬂ§filbyﬂir8g’lﬂbw -Gafias, dsbfa:yh pnli’[ﬁﬁgf)hol i no,
pyrrolindinyl; and others 03 A photo acid generator is a conpound

whi ch .aéld@él}s'éﬂa@eotf/p@éln@?ta@ql[ﬁfg ag l%?élpaﬂ%sma)?@ﬁlygmﬂéw@%@@wgﬂavws e.g.,

during &he %iat é@ﬁc%&ﬁ?d@%eé E1066t5>% 0bd RMVPLRE Gddin gﬁ%guﬁgét:ég?@%ﬂf‘orn%or S

i ncl ude’s e and oni um type conpounds. Rot o act gener I ncl ude,
butSarehﬂonﬂkenfﬂedpmmugumhmnykck@dnde hexaf | uor ophosphat e, di phenyl i odi de

hexaf | rsenate, i.0d] hexaf | yor oant i nonat e, I

igialls 1 i fo bl SEN R U ST St T e S R

p- 1 sobuyloyliRhempositonfdxBb@d t&h RRERY ebhdn®int to2tétivhR Rekivibt fl @E Roverse

tri phenyl sul f oni um hexaf | uor or phosphate, triphenylsulf onium
hexaflqmﬁ@@n@snanegkmmnphbmyksmbtoﬂngnphewahbmaroaﬂtanmmhmgonﬂw
tripheﬂﬁlﬁulf n|un1t¥|fHate and dlbut¥ ﬂ%p E % sulgonlun1tglf ate. 0031]
An am JOBaS§ PR 8P hegtSCIBIR ARG MAT R 1S S TRABEY BE SPMBEHEFHET Sy

whan hQﬁ@gﬁn@ﬁ“ﬁﬁp@§@@ﬂkﬁngNﬁr@hgmm,durlng t he baking step or the reS|st
fl ow process. npl ary am ne crosslinkers include but not |limted to

gl ycol UPPIIfis tﬂmmmée thespaigng qpmpenitinef Be redtebiifpddate éshasted to a
benzog &aﬁ%‘ém? r{qﬁ rﬂa}edf%ﬂxgg%ﬁ‘c%%{ (Irllusratlﬁ?rpg 144 LBLAREREARRY A8y 188 flie for

N, N, N, tra oxymet

N, N, N, I\éthpreaﬁaielaaxg fl‘ietcbyﬂeal gle)tﬁ@ﬂuu device N, 94 W Nt@[)roﬂfor 0.1 to 60 mmutes
nethoxyneth | ) gl ycol uril N, N-tetra(ethoxynmeth Qéﬁ col uri

N, N, N, NJteg 15_%17,‘ d%gpg)g?/aﬁ F@ﬁgr of 0.5 to 5 minutes, altérnatively to 250 °C for 0.5

15  to 2 minutes. Any method of heating may be used during the curing step. For example, the
coated electronic device may be placed in a quartz tube furnace, convection oven or allowed
to stand on hot plates.

[0035] Radiation curing occurs when the coating composition is exposed to a radiation
source such as UV, X-ray, e-beam, EUV, or the like. Typically ultraviolet radiation having a

20  wavelength of 193 nm to 365 nm is used, alternatively ultraviolet radiation having a
wavelength of 246 nm or 365 nm is used. Suitable radiation sources include mercury,
mercury/xenon, and xenon lamps. At longer wavelength radiation is used, e.g., 365 nm, it is
suggested to add a sensitizer to the coating composition to enhance absorption of the

radiation. Full exposure of the coating composition is typically achieved with less than 100
25 mJ/cm2 of radiation, alternatively with less than 50 mJ/cm2 of radiation.

[0036] The amount of coating composition that cures will depend upon the amount of
activator in the photo-resist and the time that the coating composition is exposed to the curing
mechanism. When the coating composition is exposed to a radiation source, it may be
desirable to carry out a subsequent thermal treatment to promote the cure in the resin.

30 [0037] In order to transfer the reverse pattern of the first patterned material, typically a

photoresist, into the cured silicon coating, one wet etching technique followed by a dry
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glycoluril, N,N,N, Ntetra(t-propoxynethyl)glycoluril,

N, N, N, N-tetra(nbutoxynethyl) glycoluril and

N, N, N, N- twora(io1bueoxynet hyl ) gl ycol uril. N, N, N, Nt et ra( PCT/US2010/039415

met hoxynet hyl ) gl ycoluril is available under the trademark POADERLI NK from
Cytec Industries (e.g., POADERLI NK 1174).[0032] Specific nmethods for
application of the coating conposition to the substrate include, but are
not limted to, spi n-coati ng, dip-coating, spay-coati ng, fl ow coati ng,
Screen e?“ 3 e&%}ﬁl es 1§)£m ed T’Phe té,(tpetcﬁl tepm%ttgg fnoz{ u?glps ba%@%e'c?n t'o %ve?pl n
coati ng. y%) coa g i nvol'ves spinni n THBFett 'ohi ¢ Tdevi'ce, at

1, 000 t‘etch,HACK’ tBE’erea@ﬂlcaﬂ dodtthgttb ehmpbf e fﬁ@trm«asmbd aiutdrinl teR@osing fhace of
t he spinning el ectronic_device. [0033] Once the coating conposition has

been apPlife@p suhgresd|heehst P%terlteﬁiﬂwaﬂ%nﬁltﬁlﬁéteb@aﬁ%w:mﬁé@i FiPh exposed to
a curi 'L%P{Eﬁﬁﬁg?‘&b&%& Al paek eth% REredGhl bR B égotﬂtb% Y e t%ﬁ{ea' ng

coating l[ayer®and cause the coating conpositi to c p I'ng on the
f undt i onabrigs epsiop thenmtise to@esarfaneoofa]mﬁrsepatrermdinhthﬁalact| vat _or in the

conposi he curln mechani sm be hy thermal or radiation 0034] To
t her nal[b{}f’ﬁti@ Sefdes ?%“@&Fﬁ&%ﬁr@éﬁﬂweﬂ t&ﬁé‘?‘%&? OaFePale 1@ Etch%%(f%d to a
suffi C'tﬁé‘hrsft Eé‘i&%é@ﬁﬂﬁt@nﬁprﬂﬁ S ik L8R sAR6RLLAM t&itﬂ €@aGhole’ telitdighd Curing
may take place for exanple by heating the coated eI ectronic device at 80 0C

t 0 450 sh@d grthdfifst pattededinatatials, Tlad ¢wedsticaetoatind0ar0lE vwd 27 fur@€r frarstaf 0. 5

to 5 mpute alternatlvel 200. to 250 OC for 0.5 to 2 mnutes. Any
met hod ¢ ?V]ﬁzlzgﬁ%e%?flt%én?}g%rcf”g‘ﬁ%ﬁ%ﬁt he curing step. For exanple, the

coaped 00BNt ARNIGnalSpEE thRYfBEndtha petlerh intd tiddedyindheychdhARBE, convection
oven or allowed to stand on hot plates. [0035] Radl ation curing occurs when

t he coammeyeddampesiues areyise baypesdg degred argldiegtion source such as WY, X-ray,
e-beam EUV, or the like. Typically ultraviolet radiation having a

wavel ength of 193 nmto 365 nmis used, alternatively ultraviolet radiation
havi ng a wavel ength of 246 nmor 365 nmis used. Suitable radiation sources

i ncl ude nercury, EXAMPLES

15 [0040] The following examples are included to demonstrate embodiments of the invention.
It should be appreciated by those of skill in the art that the techniques disclosed in the
examples which follow represent techniques discovered by the inventor to function well in
the practice of the invention, and thus can be considered to constitute typical modes for its
practice. However, those of skill in the art should, in light of the present disclosure,

20  appreciate that many changes can be made in the specific embodiments which are disclosed
and still obtain a like or similar result without departing from the invention. All percentages
are in wt. %. In the following examples Me represents methyl, Ph represents phenyl, CH

represents cyclohexyl, and n-Pr represents n-propyl.

M R
25 Examplel: T e().g()T 0.20

Ris @) O @)

and/or its derivative with an open structure
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mer cury/ xenon, and xenon |anps. At |onger wavel ength radiation is used,
e.g., 365 nm it is suggested to add a sensitizer to the coating

conposi t iwo 200/em3ance absorption of the radiation. Ful PCeEjsesna94ad t he
coating conposition is typically achieved with | ess than 100 2 2 nJ/cm of
radi ation, alternatively with less than 50 mJ/cm of radiation. [0036] The
anount of coating conposition that cures will depend upon the anount of
activator in the photo-resist and the tine that the coating conposition is

oD b5 A, DL ACE SR LG GATBOZ g L, peecs o

a radi rce, car a subsequent thermal

t r eat nertthbRyRoPIBLitibanieyiei(® 10 ]y, 84 8.of MA37Rb1, 7N garfdettert Dgtof anisier t he
reverse pattern of the first patterned material, typically a photoresist,
into tHétrwﬁ@dW@maﬁWO@o%QOifﬁgﬂa@}ﬁ@leém&m Aigoeet Wit dod ordet Bwed by a
dryet chj : I S, 1 ] i : L St gueous
pase. oy BahEENLRES, bR ETRIHAR . ORBentEl Rk ERal S T 100 89P0 e
first padmeemperatuat ard thén reéixipesiong Holnes. exfitdrrabott@00usffsabentodad lemokved st

atterned material. Alternately, a reactive [op . etch recipe containing CF4
Ito o dr yr}f%?g}a? ]ﬁ%aél%talikﬁéape BB st A 6%1715-) oCt hg gtoéﬁnggnet‘ﬁ%g ”‘Fﬁ?&o °

pat t er ngd JYBLHE L Pihe t&ﬁlﬁk‘i’%&g ThE Brd Besl JF@erhOPa1 475 e6f s@fedtdfd hidifbn BAL t er ned
material. [0038] The second step is to use a second reactive ion etch

reci pe semataaioninhegf sOlveot wacitepeated 3 tiles untilsthe rapeertmedeavhedrd HIO °CrAder esul t

is acured silicon c ing.with.via holes the size gnd e of the. first
bat Cer e o ca S PSR dt b io] BanRuiht etk d et PEeRasiandp

t r anst e Whe a¢baceigh@® st ekt ont o another critical layer. [0039]

Addi ti onal steps or transferring the pattern into the underlying |ayers may

be enpl oyed to produce a device having the desired architecture. EXAMPLES
[ 0040] The foll owt ng exanples are included to denonstrate enbodi nents of

t he ind@ﬁ@ﬂ%&%LTt(Bﬁdﬁﬂuﬁﬂélﬁppreciated by those of skill in the art that
the techni ques disclosed in the

Ris @) O @)

and/or its derivative with an open structure

15  [0042] 100 g of methylisobutylketone, 40.12 g of methyltriethoxysilane (0.225 mol), 7.61 g
of triethoxypropyl succinic anhydride (0.025 mol), 52.08 g of tetracthoxysilane (0.25 mol),
80 g of ethanol, 55 g of water, 2 g of 0.1 N nitric acid were added to a 500 mL flask equipped
with a nitrogen inlet and outlet, a mechanical stirshaft, a Dean-Stark trap, a condenser. The
mixture was stirred for 1 hour at room temperature and then refluxed for 4 hours. After about

20 200 g of solvent was removed from the Dean-Stark trap, the temperature was raised to 81 °C.
75 g of toluene was added to the reactor and the temperature. The process of removal of 75 g
of solvent and addition of same amount of solvent was repeated 3 times until the temperature
reached to 115 °C. The reaction was stopped. The resin solution was solvent exchanged to 4-
methyl-2-pentaol at 40 °C with a concentration of 10 wt%.

25

Me R
Example 3: T 20T 0.05 Qo.75
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exanpl es which foll ow represent techni ques di scovered by the inventor to
function well in the practice of the invention, and thus can be consi dered
t o constiwotelttoipiseal nodes for its practice. However, Phodas2a0/03%ins!l in
the art should, in light of the present disclosure, appreciate that many
changes can be made in the specific enbodi mrents which are discl osed and
still obtain a like or simlar result without departing fromthe invention.
Al'l percentages are in w. % In the follow ng exanples Me represents

met hyl, Ph _represents phenyl, CH represents cycl ohexyl, and n-Pr represents
n- propyl . e 1l: To.800.200 Ri sanc/ or t s derivative with an
open structure[O of toluene, 54.49 g of nethyltrinethoxysilane
(0.40 nol), 49.6 ¢ ethoxypropyl succi ni ¢ anhydride (0.10 nol), 294 g
of net noI 7 1@70 t 0 %FIC aci d re added to a 500
mL 1 askequi pped with arnt?%ﬁ%ﬁ%qﬁ¥@uﬁ% ﬁ?P@PSQ¥C ©hani cal stirshaft,
a Dean-Stark trap, a condenser. The m xture was stirred for 1 hour at room
tenperature and then refluxed for 4 hours. After about 200 g of solvent was

r enoved 0948 M0t hef metiylisbuiykketongp 17 8he of arppedtaicthoaysikise Qi Gawlt 8.672 GC. 75 ¢
of toluen ded he I and tur ss of
rennvaﬁgm$°§§xo uan+§§%5dn'§%§ggggm 7§?§§éﬁ33§ﬁ%hn SFﬂa'%leQ)e?ven

r epgat eld0g of btmielsolum & bf tvaer,12eape0. atNIhierid fa¢ hegt ddded @02 S m'ﬂﬂhskeact [ on was
stopped. The resin solution was sol vent exchanged to 4-nethyl -2-pentaol at
40 0C aEiPPed vathaaritrpean iplst ad awlefyagmeqyenirelsiisshafte @eaan@rk .2 0. 05 Q. 50
Ris a t t f

ot hy | QBT kAT GRS E SR BB ORFDoR LB RRGH A

of tri didnox yffitarpypbutA0OQ ofi solvanhwah’nedﬁvéd)ﬁﬁﬁﬁherme)m Stzk @8p gh@femperature

tetraetho i|ane g .of et hanaol 5 g of water g of 0.1 N
ARt M Rl TR T O s ‘@%ﬁﬂdﬂﬁfg@ e Reactt ol the”

10 temperature. The process of removal of 75 g of solvent and addition of same amount of

solvent was repeated 3 times until the temperature reached to 115 °C. The reaction was
stopped. The resin solution was solvent exchanged to 4-methyl-2-pentaol at 40 °C with a

concentration of 10 wt%.

M R Ph
15 Example4: T e0.80T 005T 0.15

Ris @) O @)

and/or its derivative with an open structure

[0044] 150 g of methylisobutylketone, 54.49 g of methyltriethoxysilane (0.40 mol), 14.9 g of
phenyltrimethoxysilane (0.075 mol), 7.61 g of triethoxypropyl succinic anhydride (0.025

20  mol), 30g of ethanol, 36 g of water, 1 g of 0.1 N nitric acid were added to a 500 mL flask
equipped with a nitrogen inlet and outlet, a mechanical stirshaft, a Dean-Stark trap, a
condenser. The mixture was stirred for 1 hour at room temperature and then refluxed for 4
hours. After about 200 g of solvent was removed from a Dean-Stark trap, the temperature
was raised to 120 °C. The solution was refluxed for 2 hours while water was collected

25  through the Dean-Strak trap. The resin was solvent exchanged to 4-methyl-2-pentanol to

obtain a 10 % resin solution by weight.

14



with a nitrogen inlet and outlet, a mechanical stirshaft, a Dean-Stark
trap, a condenser. The m xture was stirred for 1 hour at roomtenperature
and t hen wef2buxadi4bor 4 hours. After about 200 g of sol pemtuSaas/08%MDVed
fromthe Dean-Stark trap, the tenperature was raised to 8 1 0C. 75 g of

tol uene was added to the reactor and the tenperature. The process of

renoval of 75 g of solvent and addition of sane anmpbunt of sol vent was
repeated 3 tines until the tenperature reached to 115 0C. The reacti on was
stopped. The resin solutloncmas sol vent exchanged to 4- nethyl -2-pentaol at
40 0C vixample odcenso &t 0.onTof 019 W% Me R Exanple 3: T 0 .20 t 0.05 Q. 75R
isanc /or t s derivative with an open structure [0043] 80 g of

met hyl i sob | ketone, 17.83 g of nethyltriethoxysilane (0.10 nol), 7.61 g
of triethoxyprop i ¢ anhydride (0.025 nol), 78.12 g of

tetraet hoxysilane (Q.375/nol), 100y of ethanol, 45 g of water, 2 g of 0.1 N
nitric aC|d wer e 500 nL fl ask eqU|pped wth a nltro en inlet and
outl et R# nechanical stirshaftd/onitysiegiyaisreavith ap gpen HrueBriviaser 1S The ni xture
was stQ; Bfefgr 1 hour at roomtenperature and then refluxed for 4 hours.
After agbut 0 g of solvent was renmoved fromthe Dean-Stark trap, the

t enper at ure was raised to 8 1 0OC. Subsequently, 75 g of toluene was added

Sol Jontl 0GR L i resi s BB LTS CF ot Be eS0T L0 510k RS gt i

the t em%&abh'é@th%@f{&gisﬁa%%é@s %D T'S‘Qz Qﬁ%aﬁ@xmy@&wﬂﬁganh%ﬁdé eSI n
sol ution Wwas sol vent exchanged -2-peritaol” at 40 0C'w

concent(P&@binorl), 0 A wittes, 2 B pl NellmlA.aciﬂl\W@e @ddaipota IR @lagisequippeld v@thlzs

nitrogen inlet and outlet, a mechanic stirshaft, a Dean-Stark trap, a condenser. The mixture

was stirred for 1 hour at room temperature and then refluxed for 4 hours. After about 370 g

10 of solvent was removed from a Dean-Stark trap, the temperature was raised to 125 °C. The
solution was refluxed for 2 hours while water was collected through the Dean-Stark trap. The
resin was solvent exchanged to 4-methyl-2-pentanol to obtain a 10 % resin solution by

weight.

M R P
15 Example6: T e0.80T 0.05 T r0.15

Ris @) O @)

and/or its derivative with an open structure and n-Pr is n-

propyl

[0046] 300 g of methylisobutylketone, 109.0 g of methyltrimethoxysilane (0.80 mol), 24.64 g
20  of n-propyltrimethoxysilane (0.15 mol), 15.22 g of triethoxypropyl succinic anhydride (0.05
mol), 72 g of water, 2 g of 0.1 N nitric acid were added to a 1 L flask equipped with a
nitrogen inlet and outlet, a mechanic stirshaft, a Dean-Stark trap, a condenser. The mixture
was stirred for 1 hour at room temperature and then refluxed for 4 hours. After about 370 g
of solvent was removed from a Dean-Stark trap, the temperature was raised to 125 °C. The

25  solution was refluxed for 2 hours while water was collected through the Dean-Stark trap. The

15



Ris anc /o r its derivative with an open structure [0044] 150 g of

nmet hyl i sobut yl ket one,

of phenylwoioattthomgsi | ane (0. 075 nol),
3Qg of ethanol,

anhydride (0.025 nol),

54.49 g of nethyltriethoxysilane (0.40 nol),
7.61 g of triethexymsepplo3sueci ni c
36 g of water,

1 g of

0.1 Nnitric

acid were added to a 500 nL flask equipped with a nitrogen inlet and

outl et, a nechani cal
was stirred for 1 hour

Al ter 6}? was gglvgnt €XC
t enper a ure Wwas ral se

stirshaft

a Dean-Stark trap, a condenser.
roon1tenperature and then refluxed for 4 hours.

k
??ISUX e &t}Fo%pUyz

i Vc? bR

C\lll?aql

ESO

APy A 288

IOI’] was re

t he

whi | e wadiglit. was coIIected t hrough the Dean Strak trap. The resin was

sol vent exchanged to 4-nethyl

wei ght .

cer | PG 1R B L Enits

- 2- pent anol

to obtain a 10 %resin solution by
T M RCHExanple 5: T O .80t 0.05t 0.15 Ris anc /or t s

| ohexyl [0045] 300 g of
r#%egl%xy5|lane (0.80 nol),

of Oycl[00dRyAtauit Bet dTdXyst %ahevc(ﬁsmfsomubm waiﬁsétﬁfog eath doan@ frdlxy qracipy lon

succini c anh dride (

added t%RESH7AS PFPGEste @&lfllg%séé (ﬁp%ag

Sti rshafsine £7. BeaooAaRl &libS ARt 2 TRORIRNBR reg_ﬁ§olﬁﬁ't151t1 Wa G gilelddthed
roon1tenperature and then refluxed f

of sol Vel umnddlFremombchnt fidter andDdem si$h apdted oatp stantiardtsargimmm foue iiwds 1 ai sed
S reflu ed for

bs or-glqub

hour at

to 125 0 e soluti
t hr ougH)Of ﬁléedgé‘é(ﬁe%%t%ﬁe

S¥ler PHghe

of water

PHI £ P85 e

hour s.

§ %g%ﬁn%lwa

| e wat er

el B il

% StPam gRegd

Af ter

1 Nnitric acid were

SSERPEEt MeAUEdc hani ¢
for 1
370 g

abou

&@80&8 | ect ed

Exanple 6: T

4- gt hyhm3-meR qeg g)ré&keépsﬁd Quréd H0WLesH 13050 1 b afnti¥s Wei ght .
0.80t 0.051 and/or its derivative with an open structure and n-Pr
IS n-
Example 8:
Solvent Resistance and TMAH Solubility of the Thin Films Cured at 150 °C
Material My | My/M, Thermal Cure Thermal Cure
vs. | vs.PS | ThinFilm | Thickness | Thin Film | Thickness
PS Thickness | Change | Thickness | Change in
After in After TMAH
Cuored PGl\o/IEA Cuored (A)
- - (A) (A) (A)
(S
T 080T 020 9280 | 3.99 2526 47 2529 2506
M R
T e0.45T 0.0520.50 4460 | 2.25 3282 20 3291 3278
M R
T eO.ZOT 0.05Q0.75 4970 | 2.54 2510 24 2503 2490
M R Ph
T eO8dT 005T 015 3460 | 2.31 2687 298 2684 2004
15
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14.9 g

The m xture

hour s

30. 65 g




[ 0046] 300 g of nethylisobutyl ketone, 109.0 g of nethyltrinmethoxysil ane
(0.80 nmol), 24.64 g of n-propyltrinethoxysilane (0.15 nol), 15.22 g of

tri et hoxywoapuylloisigeci ni ¢ anhydride (0.05 nol), 72 g of watrarsoid/ogp4es 0.1 N
nitric acid were added to a 1 L flask equipped with a nitrogen inlet and
outlet, a nechanic stirshaft, a Dean-Stark trap, a condenser. The m xture
was stirred for 1 hour at roomtenperature and then refluxed for 4 hours.
After about 370 g of solvent was remmyed froma Dean-Stark trap, the

tenperature was raised tg 125 OC. The|solutjon|was refluxed for 2 hours
whil e water was coll ected ;ﬂ%gugh tge Deal;%- S(;a'k trap. Theresin was sol vent
exchanged to 4-net hyl |- 2- gent t()gob(@aiﬁ x~10 % esin solution by weight.
Exanpl e 7: Formul atior@foré’ En=coati ng and Fher mal Cure [ 0047] About 2 g
of 10 wt % above resifwsgFutd on was used|for each coating. Filmcoating on
waf ers was processed [6h Karl Susg CT62|spin coater. The filmthicknesses
wer e neasured using & 5 .ﬁ.m ‘%‘.’Jbollam ellipsoneter. The fornul ated resin
solution was first fi Ié erled & ly ough,a|Q. 20 nm PTFE nenbrane filter and then
spin coated onto standard%iﬁn@@ siige |Four (ch polished | ow resistively
waf ers or doubl e sided pdta ﬁﬂ@j FTIR ywaf ¢r's|{'spi n speed 2000-4000 rpm.
Fil s were prebaked and dfit 8d<at 120 OC or 150/0C for 2 minutes. Exanple 8:
Sol vent Resi st ance ang—FMAH-Soetubiity—oet—the—hin Filns Cured at 150
OCExanpl e 9: Effect of Cu@ Tenper ature on the| Sol vent Resi stance and TMAH
Solubility of the Thin, Fi IgrsClai msy_1/_A Si éesqui oxane resin conprised of
the units (MeSi O3 _x)(iz P x )ne(R8i (X3[2x)/2 (OR) x )n (RLSi Q3
X)/2(OR) x )o (Si Q4 )/%CR“’) X Yp (Ph(CHR )$Si((3.x )/2 (OR) x )q
" =
E
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where Ph is a phenyl group, Me is a nethyl group; R is hydrogen atomor a
hydr ocarbon group having from1l to 4 carbon atons; R is an anhydride

cont ai ni yogroupii4and R is a hydrophilic group or a hydrophisbéioogretip; and
s has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in
the resin mhas a value of 0.1 to 0.95, n has a value of 0.020 to 0.5; o
has a value of 0 to 0.5; p has a value of 0 to 0.95; g has a value of 0 to
005and m+n+o0o+p+qg-=1 . 2. The silsesquioxane resin as clained in
clain1%jm9§;e m has a value 0.2 to 0.85, n has a value of 0.02 to 0.2, o
has a vafue of 0 to 0.15, p has a value of 0 to 0.75, q has a value of 0 to
0. 15. 3. ARsesiuises@uedixantpiiedion t@suidsai med in clains 1 or 2 wherein Ris
sel ected from substituted phenyl groups, ester groups, polyether groups,

mer capt o gr aMEsSiOgly)pt@R1)¢),gr oups, cycl oal i phatic groups, and fluorine
cont ai ning al kyl groups. 4. The silsesqui oxane resin as clainmed in clains

1, 2 or 3 whgsﬂbgﬁgzugggﬂ§-succinic anhydri de propyl group.5. A nethod for
formng a revers attern on a substrate wherein the nethod conprises (I)

appkying a cag; o ition over a first patterned material wherein the
coating congbg$¥?% Q@%ﬁg@Pses (1) a silsesquioxane resin conprised of the

units (MeS ?t?_x)g)@g(q?) X )m(RSIQ(3 x )/2(OR) x )n (RISIQ(3_x)/2(0OR)
X )o (SiQ4-Ry73¢ &mp(PMGﬂ)sSQS_j)/ﬂGQ)x)qvmmePhisa
phenyl group, Me is a methyl group; R is hydrogen atomor a hydrocarbon

gr oup havindphgaﬁﬂ$hph%@ﬁ&éﬁbbhlatons; R is an anhydride containing group,

and
where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a hydrocarbon

group having from 1 to 4 carbon atoms; R is an anhydride containing group, and R1 isa

10 hydrophilic group or a hydrophobic group; and s has a value of 0, 1, 2, 3, or 4; x has a value
of 0, 1 or 2; wherein in the resin m has a value of 0.1 to 0.95, n has a value of 0.020 to 0.5; o
has a value of 0 to 0.5; p has a value of 0 to 0.95; q has a value of 0 to0.5and m+n+o+p

+q=1.

15 2. The silsesquioxane resin as claimed in claim 1 where m has a value 0.2 to 0.85, n has a
value of 0.02 to 0.2, o has a value of 0 to 0.15, p has a value of 0 to 0.75, q has a value of 0 to
0.15.

3. The silsesquioxane resin as claimed in claims 1 or 2 wherein R is selected from

20  substituted phenyl groups, ester groups, polyether groups, mercapto groups, aliphatic groups,

cycloaliphatic groups, and fluorine containing alkyl groups.
4. The silsesquioxane resin as claimed in claims 1, 2 or 3 wherein R is a 3-succinic anhydride

propyl group.
25
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R is a hydrophilic group or a hydrophobic group; and s has a value of 0, 1,
2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin mhas a val ue
of 0.1 tow0.298/01m4kas a val ue of 0.020 to 0.5; o has a waras2ab/o8v4d 0.5; p
has a value of 0 to 0.95; q has a value of 0 to 0.5 and m+ n +o0 +p + q =
1; and (ii) a solvent; and (iii) optionally, an activator (111) curing the
coating conposition to produce a cured silicon coating on top of the first
patterned material covering the entire pattern (1V) partially renoving the
cured silicon coating to expose the top surface of the first patterned
material; (V) renoving the first patterned material thereby formng a
second JaA hestieidol forinivey £ivede phitdra 0N aGaBtiagwhasih thd/hethedtdoapaikésy, furt her
transferring the second pattern onto any_underlayer. 6. The method as

clai med in dDaAPRIYSNShERBINCABROHIQRPYRS a0irst Ragemes Bateigh ydersin, Bie geatsie 0. 02

to 0.2, : of 0 to 0.15, p has a value of 0 to 0.75, g has a
val ue 5?98Q?§Og?¥%k#§$The method as clained in clains 5 or 6 wherein Ris

sel éct ed frdin ssilxetquiostand rehecyhpriged vp the vastt er groups, pol yet her groups,
and nercapto groups, aliphatic groups, cycloaliphatic groups, and fluorine
cont ai ni ng dMa%93-F2(ORexmet hod as clainmed in clains 5 6 or 7 wherein R
is a 3-succinic anhydride propyl group. 9. The nethod as clained in claim5
wher ei n the(RShD@Q%QMBRSQhected from | - met hoxy-2- propanol

4- et hyl - 2- pent anol, propyl ene gl ycol nononethyl ethyl acetate,
g-butyrolacggﬁgf)Qgg«gygbghexanone. 10. The nethod as clained in claim5
wherein the activator is Selected froma thermal acid generator, a photacid

gener at or, qgﬂigxﬁﬂbﬁ%k@

10 (Ph(CH2)sSi0(3-x)/2(0OR")x)q
where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a

hydrocarbon group having from 1 to 4 carbon atoms; R is an anhydride containing group, and
R1 is a hydrophilic group or a hydrophobic group; and s has a value of 0, 1, 2, 3, or 4; x has a

value of 0, 1 or 2; wherein in the resin m has a value of 0.1 to 0.95, n has a value of 0.020 to
15  0.5; o has a value of 0 to 0.5; p has a value of 0 to 0.95; q has a value of 0 to 0.5 and m + n +
o+p+q=1;and
(i1) a solvent; and
(1i1) optionally, an activator
(IIT) curing the coating composition to produce a cured silicon coating on top of the first
20  patterned material covering the entire pattern
(IV) partially removing the cured silicon coating to expose the top surface of the first
patterned material;
(V) removing the first patterned material thereby forming a second patterned in the cured
silicon coating; and

25 (VI) optionally, further transferring the second pattern onto any underlayer.

6. The method as claimed in claim 5 where m has a value 0.2 to 0.85, n has a value of 0.02 to

0.2, o has a value of 0 to 0.15, p has a value of 0 to 0.75, q has a value of 0 to 0.20.

19



11. The method as clained in claim5 wherein the coating conposition is
thermally cured by heating at 80 0OC to 450 OC for 0.1 to 60 mnutes. 12.

The met howoasiidliaisred in claim5 wherein the coating comp®aiseé10/039435

radi ati on cured by exposing the coating conposition to a radiation source
selected fromUV, X-ray, e-beam or EUV. 13. The nmethod as clained in claim
5 wherein the cured silicon coating conposition is partially renoved using
an aqueous base stripper. 14. The nethod as clainmed in claim5 wherein the

first patterned material is renpved by a regactive ion etch containing Q2.
The method as claimed in claims 5 or 6 wherein R is selected from substituted phenyl

groups, ester groups, polyether groups, and mercapto groups, aliphatic groups, cycloaliphatic

groups, and fluorine containing groups.

5 8. The method as claimed in claims 5, 6 or 7 wherein R is a 3-succinic anhydride propyl

group.

9. The method as claimed in claim 5 wherein the solvent is selected from 1-methoxy-2-
propanol, 4-methyl-2-pentanol, propylene glycol monomethyl ethyl acetate, y-butyrolactone,

10 and cyclohexanone.

10. The method as claimed in claim 5 wherein the activator is selected from a thermal acid

generator, a photacid generator, or an amine.

15 11. The method as claimed in claim 5 wherein the coating composition is thermally cured by

heating at 80 °C to 450 °C for 0.1 to 60 minutes.
12. The method as claimed in claim 5 wherein the coating composition is radiation cured by
exposing the coating composition to a radiation source selected from UV, X-ray, e-beam, or

20  EUV.

13. The method as claimed in claim 5 wherein the cured silicon coating composition is

partially removed using an aqueous base stripper.

25  14. The method as claimed in claim 5 wherein the first patterned material is removed by a

reactive ion etch containing Oy.

20



